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Abstract 0 A high-performanceliquid chromatographicanalysisof
phenylpropanolaminein humanserumandurinewithoutprior deriva-
tizationispresented.UsingdirectUV detectionthemethodissufficiently
sensitivetodetect25ngofdrug/mlofserumorurine;thecoefficientsof
variationat25ng/mland500ng/mlwere5.16and2.12,respectively,in
serum.The methodinvolvesserumandurineextractionat a basicpH
withchloroform,asingleback-extraction,andchromatographyonare-
verse-phasecolumn.Serumandurinedatafollowingadministrationof
a single150-mgsustained-releasetabletof phenylpropanolaminehy-
drochloridein sixhealthyvolunteersdemonstratesthesuitabilityof the
analyticalmethod.
Keyphrases 0 Phenylpropanolamine-determinationby high-per-
formanceliquid chromatographywithoutprior derivatization,human
serumandurine 0 High-performanceliquid chromatography-phen-
ylpropanolamine,determinationin humanserumandurinewithoutprior
derivatization
Phenylpropanolamine,asympathomimeticamine,used
to relievecongestionofthenasalmucosaandsinusesin the
treatmentofcolds,sinusitus,rhinitis,andhayfeverisalso
usedasanappetitesuppressant(1).Phenylpropanolamine
hasbeendeterminedin plasmabyGLC followingderiva-
tizationwithpentafluorobenzaldehyde(2)andalsoasthe
heptafluorobutyrylderivative(3). Urine phenylpropa-
nolaminelevelshavebeenanalyzedbynitrogen-selective
GLC (4, 5). High-performanceliquid chromatography
(HPLC) hasbeenusedfor thedeterminationof phenyl-
propanolaminealoneandin pharmaceuticalformulations
(6-11),but little informationhasappearedontheHPLC
analysisofphenylpropanolaminein biologicalfluids (12,
13).
Endo et al. (12)useda color reactionwith sodium
{J-naphthoquinone-4-sulfonateafterextractionfrom al-
kalineurinetodeterminephenylpropanolaminebyHPLC,
but this methodis timeconsumingandno indicationis
givenasto thelevelsofphenylpropanolamined termined.
The HPLC methoddescribedby MasonandAmick (13)
involvedextractionfrom plasma,back-extraction,and
o-phthalicdicarboxaldehydederivatizationafter which
fluorescencedetectionwasusedtodetermineconcentra-
tionsofphenylpropanolamineaslowas5ng/ml.
The purposeof this studywasto developa sensitive,
reproducible,andrapidmethodtodeterminephenylpro-
panolaminein serumandurinewithoutpriorderivatiza-
tion.
EXPERIMENTAL
Apparatus-The modularhigh-performanceliquid chromatograph
consistedof a constant-flowpump!,an automatedsampleinjector2,a
variable-wavelengthUV detector:1,andadatamodule4.The separation
wasperformedona 30-cmX 4-mmi.d.columncontainingmicroparti-
1ModelM6000A,WatersAssociates,Milford, Mass.
2WISP model710B,WatersAssociates,Milford, Mass.
;1ModelLCa, PyeUnicam,Cambridge,England.
4Modelno, WatersAssociates,Milford. Mass.
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culate-bonded(10-f.!m)octadecylsilanematerial".The temperatureof
thecolumnwasmaintainedat 20°6.
ReagentsandMaterials-Reagents wereofatleastanalyticalreagent
gradequalityandtheacetonitrile7wasdistilledin glass.Phenylpropa-
nolaminehydrochlorides,ephedrinehydrochloride9,chloroformlo,and
sodium1-heptanesulfonatellwereobtainedcommercially.Waterwas
deionizedandthendouble-distilledin glass.
Chromatographic Conditions-The mobilephasewaspreparedby
mixingacetonitrile(250m!)witha0.005M solutionofsodium1-hepta-
nesulfonatein water(750m!)andadding1M HCI (2 ml).The solvent
mixture(pH 2.5)wasdeaeratedand filteredthrougha 0.6-f.!mfilterl2.
This mobilephasewasusedataflowrateof 1.3ml/minfortheanalysis
ofbothserumandurinesamples,witharesultingpressureof230bar.The
wavelengthof detectionwas220nm.
Extraction-Serum-One milliliter of serum,1 ml ephedrinehy-
drochloridesolution(0.24f.!g/ml),and50f.!1of a saturatedsolutionof
sodiumcarbonate,whichadjustedthe pH of themixtureto 10,were
vortexedfor 15secin a testtubel3(16X 100mm).Five millilitersof
chloroformwereaddedandthetubewasstoppered,vortexedfor 1min,
andcentrifugedat2000Xgfor5min.A plugformedbetweentheaqueous
andorganicphases,andtheaqueouslayerabovethisplugwasremoved
by aspirationanddiscarded.A pasteurpipetwasusedto transferthe
chloroformextracttoa taperedcentrifugetubecontaining100f.!1of 5%
(v/v)aceticacid.The pipetwasrinsedwith2mlofchloroform,whichwas
thenaddedtotheoriginaltesttube,vortexedfor30sec,andcentrifuged
at 2000Xgfor5min.The chloroformwashingswereaddedtothetapered
centrifugetube,vortexedfor 1min,andcentrifugedat600Xgforanad-
ditionalminute.The chloroformlayerwasreducedbyaspirationto~200
f.!1anddiscarded,andthetubewasagaincentrifugedat2000Xgfor5min.
16t.1INI
a b
2
I-
(.J
w.....z
Figure 1-HPLC chromatogramsof (a) blankserumextractand (b)
anextractofserumcontainingphenylpropanolamine(1)andephedrine
(2).
51'-BondapakCIs. WatersAssociates,Milford, Mass.
6ModelLC-22 TemperatureController.BioanalyticalSystemsInc.,WestLa-
fayette,Ind.
. 7UV grade,WatersAssociates,Milford. Mass.
SCbamberlains(Pty) Ltd., CapeTown. SouthAfrica.
9E. Merck,Darmstadt,WestGermany.
10B. D. H. Cbemicals.Poole,England.
11Aldricb CbemicalCo.,Milwaukee,Wis.
1"TypeBD, Millipore Corp.,Bedford,Mass.
13Vacutainer.Becton,DickinsonandCo.,Rutherford.N..I.
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Figure 2-HPLC chromatogramsof (a) blankurineextractand (b)an
extractof urine containingphenylpropanolamine(1)and ephedrine
(2).
Aliquotsof 15-30~Iof theaceticacidextractwereinjecteddirectlyonto
thecolumn.Typical chromatogramsaredepictedin Fig. 1.
Urine-To 1mlofurineinatesttubewereaddedanaqueousolution
of 1ml of ephedrinehydrochloride(40~g/m!)and50~Iof a saturated
solutionof sodiumcarbonate(to adjustthepH to 10).The tubewas
vortexedfor 15sec,5 ml of chloroformwasadded,and the tubewas
stopperedandvortexedagainfor 1min.After centrifugationat2000Xg
for 5min, thechloroformextractwastransferredwith a pasteurpipet
toataperedcentrifugetubecontaining1mlof5%(v/v)aceticacid.The
pipetwasrinsedwith 2ml of chloroform,whichwasthenaddedto the
originaltube,vortexedfor 30sec,andcentrifugedat2oo0xgfor 5min.
The chloroformwashingswereaddedto thecentrifugetube,vortexed
for 1minuteandcentrifugedat2000Xgfor 5min.Aliquotsof 1-8~Iof
the upperaceticacidextractwereinjectedonto thecolumn.Typical
chromatogramsaredepictedin Fig. 2.
Clinical Study-As partofa bioavailabilitystudy,sixnormalhealthy
volunteerseachreceivedonesustained-releasetabletcontaining150mg
of phenylpropanolaminehydrochloridefollowinganovernightfast.Blood
samplesweredrawnat0,0.5,1,1.5,2,3,4,5,6,8,9,10,12,and24hrafter
ingestionofthemedication;theserumwasseparatedbycentrifugation
andfrozenuntilassayed.Urinesampleswerecollectedat0,2,4,6,8,12,
and24hr,andrepresentativesampleswerefrozenuntil analysis.Urine
voidedattimesotherthanthosespecifiedabovewascollectedandtreated
in thesamemanner.
RESULTS
Linearity-Calibration curvesusingfivedifferentconcentrationsof
phenylpropanolaminein serumandurine,obtainedbyplottingtheratio
of thepeakheightofphenylpropanolaminetothatof theinternalstan-
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Figure ;J-Mt'Un serum phenylpropanolamine concentration-time
profile of six human uohmtecrs #iu('n a sustained-release tablet con-
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Figure 4-Mean cumulativeurinary phenylpropanolamineconcen-
tration-timeprofileof six humanvolunteersgivena sustained-release
tabletcontaining150mgof drug.
4 16 24208
dard(ephedrine)versustheirrespectiveconcentrations,werelinearover
theconcentrationranges tudied.The calibrationcurvein serum(25-500
ng/m!)hada slopeof0.0039anday-interceptof0.0509withacorrelation
coefficientof 0.9997,whilethecurvein urine(10-200~g/m!)hada slope
of 0.0265anda y-interceptof 0.0386with a correlationcoefficientof
0.9999.
Precision and Accuracy-Within-run precisionwasassessedby
extractingfivespikedserumandurinesampleseachat theupperand
lower limits of the concentrationrangesstudied.The coefficientsof
variationwerefoundtobe5.16%at25ng/mland2.12%at500ng/mlfor
serumand 1.66%at 10~g/mland0.33%at 100~g/mlfor urine.Corre-
spondingstandarddeviationsfor thesesampleswere1.26ng/ml,10.75
ng/ml,0.155~g/ml,and0.324~g/ml,respectively.Replicateassaysin
serumandurinesamplesdeterminedovera periodof 3months(stored
at -10°) revealedno significantdifferencesin phenylpropanolamine
concentrations.
Extraction Efficiency-Spiked serumandurinesampleswereas-
sayedin triplicateat four differentconcentrations.All sampleswere
extractedasdescribedpreviouslyexceptthattheinternalstandardwas
addedasa final stepto eachextract.The resultswerecomparedwith
thoseobtainedfromtheinjectionof equivalentconcentrationsof phe-
nylpropanolaminein theinternalstandardsolution.Meanvaluesof80.39
and80.20%recoverywereobtainedforphenylpropanolaminefromserum
andurine,respectively.
SensitivityandDetectionLimit-Under theconditionsofthisassay,
thedetectionlimit forphenylpropanolaminewas25ng/mlin serumand
10~g/mlin urine.Theselowerlimitscanbeextended,particularlyinthe
caseof urine, if smallervolumesof 5%(v/v)aceticacidareusedin the
back-extractionstep.
Serum and Urine Profiles-The meanserumconcentration-time
. profileis presentedin Fig. 3.Figure4representsthecumulativeurinary
excretionprofileforthesixsubjectswhoreceivedonesustained-release
tabletcontainingphenylpropanolaminehydrochloride(150mg).
DISCUSSION
24
The methoddescribedinvolveda rapid,relativelysimpleextraction
ofphenylpropanolaminefromurineandserum.PreviousHPLC methods
usedto determinethis drug in biologicalfluids haveinvolvedeither
derivatizationwitho-phthalicdicarboxaldehydefollowedby fluorescence
detection(13)ortheuseofanormal-phasecolumnfollowedbyreaction
withsodium,B-naphthoquinone-4-sulfonateandsubsequentcolorimetric
determination(12).The lattermethodwasappliedtourinalysisonly,and
concentrationsrelatingspecificallyto phenylpropanolaminewerenot
reported.Boththesemethodsarerelativelytimeconsumingandinvolve
postcolumnmanipulations.
Our methodeliminatesthederivatizationstep,thus allowingdirect
determinationusinga variable-wavelengthUV detector.The method
issufficientlysensitive,accurate,andpreciseforthemonitoringof phe-
nylpropanolamineconcentrationsin smallvolumesof bothserumand
urinefollowingoral dosesof thedrug.In addition,the resultingchro-
matogramsarecleanwithno interferingpeaksdueto endogenouscon-
stituents.Metaboliteinterferencedid not presenta problemsinceno
significantmetabolismof phenylpropanolamineoccurs(14).Retention
timesof phenylpropanolamineandephedrinewere4.8minand5.7min,
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respectively.In summary,theHPLC methodpresentedhereis rapid,
precise,andextremelysuitablefor thedeterminationof phenylpropa-
nolaminein serumandurine.
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